1. Introduction {#sec1}
===============

Post-surgical hypertrophic scars seem to be a common problem reported by surgeons and patients. A hypertrophic scar is caused by the excessive deposition of collagen resulting in an exaggerated wound healing response with a progressive increase in collagen synthesis \[[@bib1]\]. Epidemiological studies showed 30--50% hypertrophic scarring of wounds of patients of Asian ethnicity who underwent median sternotomy but found only 10--20% of similar scarring in Caucasians \[[@bib2],[@bib3]\]. Aesthetic results in hypertrophic scarring may be important, but these scars may also be painful, and pruritic scarring can impair function and therefore render the results unsatisfactory \[[@bib4]\].

Some treatment modalities to prevent hypertrophic scarring such as silicone gel or sheeting, herbal extract cream, pressure therapy, intra-lesional steroid injection, botulinum toxin A injection and laser therapy have been reported to improve scar appearance \[[@bib5],[@bib6]\]. The most popular are non-invasive therapies such as a topical application. Many studies show the benefit of silicone gel to improve scar appearance \[[@bib7], [@bib8], [@bib9], [@bib10], [@bib11], [@bib12], [@bib13]\]; the same benefit as using an herbal extracts gel \[[@bib14], [@bib15], [@bib16], [@bib17], [@bib18]\]. There have, however, not been any studies to show the benefit of a combination of silicone gel and herbal extract that may have a synergistic effect to improve the scar appearance. This article presents a randomized double blind study of silicone gel plus 15% herbal extract (Allium Cepa extract, Centella Asiatica extract, Aloe Vera extract and Paper Mulberry extract) versus placebo in pre-sternal hypertrophic scar prevention.

2. Methods {#sec2}
==========

2.1. Trial design {#sec2.1}
-----------------

All patients consented to join the study on a voluntary basis and were then randomized into the 2 groups, either silicone gel plus herbal extracts gel or placebo. The gels were applied for a total treatment period of 6-months. The assessments were conducted by two plastic surgeons who were blinded to the subject grouping and were trained to administer all the assessments in standardized methods. Trial registration: TCTR20140501001: A Prospective Randomized Double-blind Study of Silicone Gel plus Herbal Extracts Versus Placebo in Pre-sternal Hypertrophic Scar Prevention. This research project had been approved for registration at TCTR since 2014-05-01.

2.2. Participants {#sec2.2}
-----------------

From October 2013 to September 2015, 48 patients who underwent 2 weeks after median sternotomy at the Srinagarind Hospital, the Faculty of Medicine, Khon Kaen University, Khon Kaen, Thailand were enrolled in this study. All patients were aged over 18 years. All the wounds were sutured with polyglycolic 4/0 subcuticular suture material and did not receive other scar management before participating in this study. The patient had to follow up every 2 month with the regular follow up with cardiothoracic surgery unit until finish the protocol at 6 months. Two patients were eventually lost to the study [Figure 1](#fig1){ref-type="fig"}.Figure 1Treatment protocol.Figure 1

This study was approved by Khon Kaen University Ethics Committees for Human Research (Reference No. HE561228) and all methods used in these studies were thoroughly revealed by these committees. Therefore, all methods were rigorously controlled and performed under the relevant guidelines and regulations of studying research with human participants. All patients included in this study had been informed about the aim and the process of this project via both verbal communication and official documents. All essential information of this study were written in the informed consent including publishing identifying information or clinical images of participants then these will be presented to the participants to accept and allow all those information presented in the publication. All necessary information of participants, which were published in this study such as names and all relevant information, which can indicate or link to specific individuals, were officially concealed. When the participants clearly understood about the project, the process of doing informed consent was preceded. All informed consents were collected from all participants and the informed consents were in Thai language. For safety regulation, the participants will be terminated from the study when they develop drug allergy. Additionally, the project will be put to stop when the participants have severe adverse drug effects such as Steven Johnson syndrome and anaphylactic shock or the incidence of adverse drug effects in treated group is higher than the control group.

2.3. Interventions {#sec2.3}
------------------

The silicone gel plus herbal extract gel (Bangkok Botanica, Bangkok, Thailand) in semi-liquid form was formulated from 15% herbal extract (Allium Cepa extract, Centella Asiatica extract, Aloe Vera extract and Paper Mulberry extract), 50% polydemethysiloxane, 30% cyclopentasiloxane and 5% silica. The placebo gel was a composite of water, acrylate, C10-30 alkyl acrylate cross-polymer, polysorbate 20 and fragrance that was similar in color and consistency as that of the active gel and packed in the similar sealed packages. The acrylate, C10-30 alkyl acrylate cross-polymer and polysorbate 20 were useful for providing stable emulsions but the side effect could be skin irritation. Both silicone plus herbal extracts and the placebo gel were consistently produced and controlled by manufactured in a facility conforming to GMP standards. Both appropriated Formulae, describing all the tasks carried out as a human medical grade. The participants who had the symptoms of skin irritation or dermatitis were excluded. This policy made sure that the combinations of gels did not affect the investigation.

All patients consented to join the study on a voluntary basis and were then randomized into the 2 groups by a nurse coordinator at a 1:1 ratio using permutated blocks, either silicone gel plus herbal extracts gel or placebo. The gels were applied for a total treatment period of 6-months. The assessments were conducted by two plastic surgeons who were blinded to the subject grouping and were trained to administer all the assessments in standardized methods.

2.4. Outcomes {#sec2.4}
-------------

Patient demographic data were recorded. The scars were assessed using the Vancouver scar scale to determine pigmentation, vascularity, pliability and height. The digital photos of each scar were also recorded using a digital camera each time when the assessment was conducted and the taking photos was standardized with fixed distance, lighting and digital camera to ensure that the images were comparable.

The Vancouver Scar Scale items ([Table 1](#tbl1){ref-type="table"}) measured vascularity, pliability, and height, each on a 3- to 6-point ordinal scale; pigmentation was measured on a 3-point categorical scale. The scores were recorded and patients identified as to which of the 2 groups they belonged after the protocol was finished. If the treatment decreased the score of each parameter, the result concluded improvement. But if the score was the same or higher no response was reported.Table 1Vancouver scar scale.Table 1AssessmentScore012345VascularityNormalPinkRedPurple\--PigmentationNormalHypopigmentationMixedHyperpigmentation\--PliabilityNormalSuppleYieldingFirmRopesContractureHeightFlat\<2 mm2--5 mm\>5 mm\--

2.5. Sample size {#sec2.5}
----------------

A total of 48 voluntary-patients in the study, were randomized into 2 groups, each group undergoing different treatments and were then the proportion was 0.7 and control group was 0.3. For this study 0.05 represented for the ratio (control/treatment), 1.00 for the Alpha (α) and 0.02 for the Beta (β). The statistical power to detect a proportion different, assuming a proportion different of 0.45, was 90%. A 2-tailed test and type 1 error rate 5% were assumed. Between the process of intervention, two patients were eventually lost to the study. With the sample size and allocation described before, the statistical power to detect a proportion different in these measures, assuming a proportion different of 0.45, was 83%.

2.6. Statistical methods {#sec2.6}
------------------------

Baseline characteristics are described and reported in frequencies and percentages. Continuous variables were compared with the use of the means and standard deviations, and categorical variables with the t-test, the chi-square, or the chi square for trends.

3. Results {#sec3}
==========

48 patients were enrolled to this study. Clinical data of patients are presented in [Table 2](#tbl2){ref-type="table"}. Twenty-four were male (10 in silicone gel plus herbal extracts group and 14 in the placebo group, p-value = 0.575) and 24 were female. All patients showed no signs of infection or inflammation after the topical application. Two patients were excluded from this study because loss of follow up in 1 case and death in 1 case of the placebo group, [Figure 1](#fig1){ref-type="fig"}. The mean age of the patients was 45.29 years in the silicone gel plus herbal extracts and 41.23 years in the placebo group (p-value = 0.41). The patients in neither group had a difference of underlying diseases especially keloid or hypertrophic scarring.Table 2Demographic data.Table 2SG + HE∗, 24 (%)Placebo, 22 (%)p-valueAge (years, mean ± SD)45.29 ± 15.3341.23 ± 18.300.41Gender; male (n)10 (41.6%)14 (63.6%)0.575Diabetes mellitus2 (9.09)2 (8.33)0.92Hypertension3 (12.50)5 (22.73)0.36Dyslipidemia3 (12.50)2 (9.09)0.71Cancer0 (0)1 (4.55)0.47Keloid2 (8.33)0 (0)0.49[^1]

After six-months of treatment, the number of improvements in the test group was greater than the placebo group ([Table 3](#tbl3){ref-type="table"}). There were no differences in vascularity and pigmentation but trended to be greater. The pliability and height were significantly greater in numbers of improvement in the test group than in the placebo group (p \< 0.001, p = 0.005). No adverse features of the topical applications in either group were noted in this study. The study group showed more favorable results with less discoloration, was flattened in height and narrower in width ([Figure 2](#fig2){ref-type="fig"}). Compared with the placebo group, the outcome was worse ([Figure 3](#fig3){ref-type="fig"}).Table 3The percentage of patients who improved or had no response for the treatment in each category.Table 3AssessmentResult of treatmentp-valueNumber of improvement (%)Number of no response (%)**Vascularity**0.34Treatment75%25%Placebo68.2%31.8%**Pigmentation**0.09Treatment54.2%45.8%Placebo40.9%59.1%**Pliability**\<0.001Treatment41.7%58.3%Placebo13.6%86.4%**Height**0.005Treatment62.5%37.5%Placebo40.9%59.1%Figure 2Improvement of a scar after application of silicone plus herbal extract gel; (left) pre-treatment, (right) After 6 months of treatment, the scar returned to natural coloration and became flattened.Figure 2Figure 3Unfavorable conditions in control group; (left) pre-treatment, (right) After 6 months of treatment, the scar was brownish-red in color, prominent, had a hard consistency and was itchy.Figure 3

4. Discussion {#sec4}
=============

Post-surgical hypertrophic scarring is an important problem, especially in the anatomical areas of more tension, such as the chest wall or shoulder area. The incidence of high Vancouver scar scores is greater in Asians than Caucasians \[[@bib2],[@bib3]\]. Aesthetics are important but other criteria such as symptoms of pain, itchiness, pigmentation and pliability are of equal concern. There are multimodalities for scar treatment. The best treatment for scarring is not treatment but it is prevention. The first line treatment for scar prevention is silicone gel or sheathing. Many publications have been reported on the benefit of silicone gel or sheathing and herbal extracts, especially an onion extracts gel that can improve scar development \[[@bib10], [@bib11], [@bib12], [@bib13], [@bib14], [@bib15], [@bib16], [@bib17],[@bib19], [@bib20], [@bib21], [@bib22]\].

Silicone gel can simulate the homeostasis of the stratum corneum \[[@bib23]\] and can also regulate fibroblast production and reduction in collagen production which contributes to softening the scar and results in scar reduction \[[@bib24]\]. Several studies have demonstrated that silicone gel decreased physical discomfort like itching or pain \[[@bib10],[@bib25]\]. The herbal extract promoted other favorable outcomes. The mechanism of action of onion extract or Allium Cepa extract inhibited proliferation of dermal fibroblasts \[[@bib26]\]. It also decreased the histamine level, inflammation and collagen production which then decreased discomfort of the scar \[[@bib27]\]. Centella Asiatica extract from a small plant, Gotu kola, decreased the expression of both TGF- *β* I and TGF- *β* II \[[@bib28]\] and significantly improved better pigmentation \[[@bib29]\]. Aloe Vera is a tropical plant easily grown in Thailand. It contributed by increasing blood flow, decreased the inflammatory response, and prevented infection \[[@bib30]\]. The study found that Paper Mulberry extract stimulated the expression of tyrosinase protein and significantly reduced melanogenesis in human melanoma cells \[[@bib31]\]. It could then be hypothesized that the combination of all actions of these substances could provide a mutual effect to treatment outcome. This was the basis for this project development. Based on the previous study by these authors, silicone derivatives plus herbal extract was safe enough and had a significantly positive effect \[[@bib14]\]. With a growing interest in the scientific basis, the changing of the silicone derivative to silicone substrate could possibly initiate more effectiveness. This study shows the effectiveness of silicone gel plus an herbal extract gel for scar amelioration when compared to placebo in median sternotomy wounds.

The process of scar evaluation is very important. A simple and affordable quality metric tool to scar assessment is the Vancouver Scar Scale (VSS) which is commonly used worldwide \[[@bib32],[@bib33]\]. With human error reduction by using the numeric scores, the research protocol was implemented. First, clarifying the terms and score meanings were explained to the two assessing plastic surgeons. Secondly, the record form that showed the detail of VSS was introduced. This process was modified by suggestions from a previous study to accurately score and for homogeneity and interrater reliability \[[@bib34]\].

In this study, the demographic patient data between the silicone gel plus herbal extracts group and placebo group were not statistically different. After treatment for 6 months and re-evaluation it was that found that the scarring in silicone gel plus herbal extracts group was better than the placebo group in all items of Vancouver score. Findings of this study was consistent with some studies which demonstrated the effective of herbal extracts in scar prevention. Most of them were the combination of derivative silicone gel and herbal extracts which could prevent on burns, surgical scar or even sternal wounds \[[@bib14],[@bib35],[@bib36]\]. The main problems of the evaluation when using the Vancouver score were the irregularities of the scars in height, vascularity, pliability and pigmentation but the scars were graded in the most severe area of the scar even though this did not represent all of the scar. Asians have more post-inflammatory hyperpigmentation scarring than Caucasians.

With the trial design, there was a weak point with the exclusion criteria. It may have been better controlled, if keloid patients were excluded from the study which would help to decrease the confounding factors from the research process. Fortunately, the only 2 keloid participants were in the treatment group which ensured the effectiveness of the therapeutic effect of silicone gel plus herbal extracts. The other disadvantage of this research was the inability to identify the effect of each herbal extract plus silicone. Many studies presented the mechanisms of each herbal extract but not demonstrated the herbal synergism, short-term and long-term tissue reactions and a specific dose effect relationship. To clarify these effects on the healing of scars, further studies are needed.

5. Conclusion {#sec5}
=============

The silicone gel plus herbal extracts gel has probable efficacy in scar amelioration. It appears to be able to improve scar height and pliability and has a tendency to improve vascularity and pigmentation.
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[^1]: ∗ SG + HE; silicone gel plus herbal extracts.
